This study was designed to establish the manner and causes of all fatalities among seafarers who were serving in British merchant shipping between 1 January 1986 and 31 December 1995. Other main aims were to compare mortality rates with workers in other industries and with seafarers in other merchant fleets, and to discuss recommendations for the prevention of occupational mortality. This study was based upon official mortality files with a population of 253 919 seafarer-years at risk. There was a total of 252 fatalities in British merchant shipping during the study period. One hundred and seven of the 252 deaths were due to natural causes, of which 93 (87%) were caused by cardiovascular disease. The relative risk of mortality due to accidents at work (96 fatalities) was 23.9 times higher than for all workers in Great Britain during the same time period (95% confidence interval = 14.0-40.7). The risk of a fatal accident in merchant shipping was also much higher than in other British industrial sectors, such as agriculture, forestry and fishing (relative risk = 4.5), construction (5.5), and manufacturing (22.0). Seafaring was identified as a dangerous occupation compared with shore-based employment. Many of the fatal accidents at work were caused by hazardous working practices and were often preventable, as were the many off-duty accidents and drowning that were caused by seafarers falling into docks when encountering hazardous access to their ships from the shore. Seafarers are also at special risk from acute illnesses since they lack direct access to specialist medical care.
Introduction
Merchant seafaring often involves exposure to health risks that are rarely encountered by workers in other occupations. Many seafarers experience extremes of weather, which can present risks to the ship as well as increase the likelihood of accidents on deck. The harsh architectural structures of ships, contact with toxic and inflammable cargoes, and a variety of mechanical equipment represent further hazards, while worldwide travel also exposes seafarers to tropical diseases and environmental change. Merchant seafarers serving in ships of ≥1600 gross registered tonnes are currently subject to medical examination procedures [1] , and national legislation is set to extend this to all seafarers by June 2002. However, since the provision of medical facilities on board most ships is limited [2] , the treatment of illness and injury is often inadequate.
Traditionally, merchant seafaring has been identified as a particularly hazardous occupation when compared with shore-based industries. For example, it was found that the number of work-related fatalities in the British merchant fleet between 1883 and 1892 was six times higher than for underground coal miners, nine times that for railway workers, and 146 times that for factory and shop workers [3] . A study of Swedish seamen between 1945 and 1954 identified a standardized mortality ratio (SMR) of 4.17 for all accidents at work when compared with Swedish men of working age [4] , while a more recent study found the accidental mortality level to be >11 times higher among Danish seafarers than in the male, working-aged population of Denmark [5] .
A recent cohort study identified increased mortality due to accidents (SMR = 3.05) for Danish seafarers [6] , while others have found greater accidental mortality among ratings rather than among officers [7, 8] . Suicide levels have also been increased in seafarers, or among ratings in particular, when compared with shore-based populations [4, 7, 9, 10] .
Seafarers have been shown to be at increased risk of respiratory cancers [11] [12] [13] , although other studies have shown this increase to be greatest for those who had been working-and exposed to carcinogenic agents-in ships' engine rooms [7, 14] . Heart disease has been reported as the cause of most fatal illnesses among active seafarers [5, 15] , although cohort studies have not always found increased cardiovascular mortality, among seafarers [12, 16] or sea pilots [17] , relative to general populations.
The first objective of this study was to establish and analyse the manner and causes of the deaths of all seafarers who died when employed in British merchant shipping between 1986 and 1995. The main aims were then to establish whether seafaring has remained a hazardous occupation in comparison with shore-based industries, to compare mortality rates with other merchant fleets and to identify measures or implications for reducing the incidence of occupational mortality.
Materials and methods

Inclusion criteria
Included in this study were all deaths among seafarers who were employed in British merchant ships of ≥100 gross registered tonnes between 1986 and 1995. 'Seafarers' refers to all crew members who were signed on the ship's articles of agreement, and includes officers, ratings, cadets and other crew, such as stewards and catering staff in passenger ships. Seafarers who died after being landed ashore as a result of accident or illness at work, provided that the death occurred within 30 days of leaving the ship, were also included. Deaths among non-crew members such as passengers, stowaways and pilots were excluded, as were deaths on non-merchant ships such as fishing trawlers and pleasure boats. The study period was the 10 years from 1 January 1986 to 31 December 1995.
Subjects
The Registrar General for Shipping and Seamen (RGSS) is the sole British authority that registers deaths in British merchant shipping. The master of a British ship is obliged to notify the RGSS of any deaths arising from his vessel, while the RGSS is also reliably informed of seafaring fatalities from other sources; these include Department of Transport marine offices, British domestic authorities and, where deaths occur in foreign countries and waters, the British consulate or embassy.
All RGSS files relating to merchant seafarers who died in British shipping between 1986 and 1995 were examined. The mortality files and the database of the principal official British maritime investigative authority, the Marine Accident Investigation Branch (MAIB), were also inspected, while additional reports of autopsies and inquisitions were obtained from coroners. A total of 252 deaths satisfying the inclusion criteria were identified.
Of the 107 deaths from natural causes, at least 60 of the diagnoses (56%) were based upon autopsy examination; 14 other diagnoses (13%) were obtained from Scottish deaths registers, which (for legal reasons) usually denote the underlying cause of death only and do not indicate whether an autopsy had been performed. Diagnoses for the other fatalities were obtained from other deaths registers (three), hospital or other medical death certificates (26) , and through an official marine inquiry (one). It is likely that the three remaining diagnoses, provided by ship's captains, were made by medical sources, although death certificates were not available.
Of the 145 deaths due to non-natural or inconclusive causes, 38 occurred when the Herald of Free Enterprise passenger ferry capsized off Belgium, and were the subject of a coroner's inquisition and a high court trial, while 19 other seafarers were lost at sea. The results of an autopsy were available in 61 of the other 88 cases (69%) where a body was available. The 19 seafarers who were lost at sea were the subject of official marine inquiries (17 cases) and procurator fiscal's fatal accident inquiries (two).
Population at risk
The populations of seafarers employed in British merchant shipping during each year of the study period were obtained from official British statistics, published annually by the Department of Transport (1982) (1983) (1984) (1985) (1986) (1987) (1988) and the MAIB (1989) (1990) (1991) (1992) (1993) (1994) (1995) [18, 19] . All seafarers were conventionally counted as if they were employed and at risk for the whole of each year. This yielded an aggregated total of 253 919 seafarer-years at risk for the study period.
Statistical methods
The statistical methods used include cause-specific mortality rates, relative risks and confidence intervals for relative risks.
Results
Of the total of 252 seafaring fatalities between 1986 and 1995, 107 (42%) were due to natural causes and 142 to non-natural causes (Table 1 ). In the remaining three cases, the medical diagnosis was not specific enough to determine the cause of death. Two hundred and forty-nine of the 252 deceased (99%) were male; the three female seafarers were each stewardesses on passenger ferries. Eighty-five per cent of the deceased were British nationals, while the other 37 were from 18 different countries.
Deaths due to illnesses
Most of the 107 deaths from natural causes-93 (87%)-were attributable to cardiovascular diseases. Of these 93 deceased, 40 (43%) were found dead and a further 21 (23%) died within minutes of acute heart attack. Most of the deceased (61%) were off duty at the time of illness.
Eighty-seven of the 93 deceased (94%) suffered acute heart attack on board their ships and in many of these cases (47%) the ship was docked in port. Only three of the 41 (7%) deceased who were taken ill in port were evacuated from the ship before death, as were only four of the 46 (9%) who were taken ill at sea. Only five of the 93 deceased (5%) were admitted to hospital, while a further three were dead on arrival. The mean age at death of the 93 seafarers who died from cardiovascular disease was 53.8 ± 7.4 years (mean ± SD; range = 22-65 years) and the mean age at death from other illnesses was 48.2 ± 10.8 years (range = 26-63 years).
Deaths due to accidents
Accidental deaths have been classified into three groups. These are: firstly, maritime disasters, which refers to an incident involving the ship, such as a fire, explosion, collision or foundering; secondly, occupational accidents involving fatal accidents to individual seafarers through their work; and, thirdly, off-duty accidents which are not work related and occur in off-duty time. Forty-five of the 100 accidental deaths were attributable to maritime disasters, 29 were caused by occupational accidents and 26 arose through off-duty accidents.
Thirty-eight of the 45 deaths due to maritime disasters resulted from the capsize of the Herald of Free Enterprise passenger ferry off Belgium. Four fatalities occurred when a dredging ship foundered in heavy seas and gale-force winds in the English Channel. Two seamen were killed after an explosion in the engine room of an oil tanker and one during a fire in the accommodation area of a small cargo ship.
Three of the 29 fatal occupational accidents refer to seamen who were struck by heavy waves on deck. Two of these were swept overboard and lost in rough seas. The third was fatally injured by heavy seas on deck when attempting to secure leaking hatch covers after the ship had sailed into a typhoon in the North Pacific. Three fatalities were caused by falls overboard, including two seamen who had been painting the sides of their ships. Falls into holds accounted for another two deaths, including an epileptic who had been declared permanently medically unfit for sea service, while two others also died through falls on ships.
Three seamen were fatally struck by mooring or towing ropes which broke, two by a vehicle and trailer, respectively, on vehicle decks and 10 others were killed by other moving objects. These include a faulty lift shaft, a crane, cargo containers, a large basket, a propeller, a trolley in the gantry crane and a hatch cover. One seaman was asphyxiated by petroleum vapour in the engine room, another sustained fatal head injuries in a diving accident and two others drowned after a lifeboat davit broke during a testing drill. Eighteen of the 29 fatal occupational accidents (62%) occurred at sea. Twelve died on board, nine drowned, six died after admission to hospital and two were dead on arrival. Most of the 29 deceased (62%) had been serving as deck ratings and another 28% as deck officers ( Table 2 ). The mean age at death of the 29 was 41.3 ± 12.4 years (range = 21-63 years).
Four of the 26 fatal off-duty accidents were road traffic related, two seamen were struck by trains and another drowned when swimming during a beach party. Five seamen fell overboard, including four who had been drinking heavily. The other 14 deaths refer to seamen who fell into docks or rivers when returning to their ships from ashore. Ten of these 14 were known to have been drinking alcohol ashore. Five of the deceased had returned alone and nine were in the company of fellow seamen when they fell from gangways or from the quayside.
Deaths due to other causes
Twelve fatalities were determined to have been suicides and were variously linked to marital, family, work-related and psychiatric problems. Nine were found hanged, two jumped overboard and one was asphyxiated in a petroleum cargo tank. Two seamen were murdered when stabbed by colleagues. Four died as a result of alcohol or drug intoxication, one after taking heroin and another from an overdose of opiates, while the other two died from alcohol poisoning. Official inquiries were unable to determine the cause of 27 fatalities. Eleven refer to seafarers who disappeared at sea and a further 13 also went missing, but were subsequently found drowned. Nine of the 13 had been ashore and failed to report back to their ships. Five of the nine were known to have been drinking ashore and, although it is likely that they accidentally fell into docks when returning to their ships alone, the lack of evidence led subsequent coroners' inquisitions to record open verdicts. Finally, there was no specific medical cause of death for three seafarers who were found dead, although one had been subject to autopsy examination.
Comparison of mortality rates with other merchant fleets
Cause-specific mortality rates in the British merchant fleet were compared with those from other similarly conducted, recent and reliable mortality studies in Danish [5] and Swedish [15] merchant shipping (Table 3 ). For consistency across the studies, the off-duty drownings of unknown manner were included-where foul play or suicide was not suspected-as off-duty accidents and the on-duty drownings as occupational accidents.
The cause-specific mortality rate for occupational accidents in the British merchant fleet, 11.8 per 100 000 seafarer-years, is lower than in Danish shipping [relative risk = 2.12, 95% confidence interval (CI) = 1.25-3.58], but not significantly different to that for Sweden. For all work-related accidents (occupational accidents plus maritime disasters), the British mortality rate is not significantly different to that in either Denmark or Sweden. The same pattern is also evident for all accidental deaths.
Comparison of mortality rates with other industries
Between 1986 and 1995, official published statistics show that a total of 3900 fatal accidents occurred at work for all workers in Great Britain [20] . The corresponding mortality rate, 1.6 per 100 000 person-years (Table 4 ), is a Accidents at work refers to all accidents at the place of work with the exception of self-inflicted intoxication, while commuting and non-work-related road traffic accidents ashore are also excluded.
b Excludes self-employed workers.
c Excludes sea fishing, but includes hunting from 1991 to 1995.
23.9 times lower (95% CI = 14.0-40.7) than in British merchant shipping (37.8 per 100 000 seafarer-years) during the same period. The official statistics for fatal accidents in different sectors of British industry also reveal that merchant seafaring is an especially hazardous occupation. For example, the mortality rate for seafarers is over three times higher than for the energy and water supply industries, more than five times that for construction workers and >20 times that for the manufacturing sector.
Discussion
It is expected that almost all fatalities among seafarers in British merchant shipping, between 1986 and 1995, were identified through this study. Cardiovascular disease was the single largest cause of death. Few of these deceased were evacuated from their ships before death and >40% were found dead. Also, because of the limited medical care in merchant shipping, primary prevention may offer some potential benefit. Reports of autopsies indicated that many of the bodies were obese and tobacco products were included in lists of possessions for many of the deceased, while previous studies have identified high levels of obesity, smoking and alcohol consumption among European seafarers [21] [22] [23] [24] . A stricter recruitment policy may have prevented some of the deaths among those at a high risk. However, for experienced seamen already serving at sea, it would be ill-advised and would be likely to have a detrimental effect on their health ashore [25, 26] .
It was apparent from the official files that the medical care provided for many of the deceased at sea was inadequate and in some cases there were perhaps critical delays before requests were made for shore-based medical assistance. A more widespread use of radio medical advice should have a positive effect on health and safety at sea [27] . International legislation for improved, compulsory medical training among ship's officers, above the current minimum standards [28] , would also be of benefit.
Several of the deceased, who had been suffering from illnesses such as epilepsy, paranoid schizophrenia and delirium tremens, should not have been at sea. In one case, an investigating authority reported that an approved doctor would not have passed the deceased at his last medical examination had he known of his history of alcohol abuse and delirium tremens. A reference from the seafarer's general practitioner, as an integral part of the medical examination procedure, would probably have saved some lives. Nonetheless, it would be, for many thousands of seafarers, an expensive and time-consuming process.
Apart from the two seamen who were known to have died through intoxication, alcohol appeared to be a factor in the deaths of most seamen who drowned in docks.
However, these seafarers' attempts to board their vessels were often hazardous because of factors such as tidal fluctuations, icy gangways, poor visibility and the absence of safety nets. Measures to ensure safer access to merchant ships, for example the maintenance of more elaborate and secure gangways and safety nets, together with improved lighting facilities in ports, should be effective in reducing the incidence of fatal off-duty accidents.
Mortality rates for occupational accidents in Danish shipping were higher than in the British and Swedish fleets. However, this is to some extent due to the latter two fleets having large passenger sectors in recent years, where risks of fatal accidents tend to be lower than in the cargo sectors.
It is clear that seafaring, when compared with shorebased occupations, is still an especially high-risk occupation for accidents at work. In general, only trawler fishing has been shown to be a more hazardous occupation. Typically, much higher accidental mortality rates of 415, 169, 145, 143 and 46 per 100 000 person-years have been identified for, respectively, Alaskan [29] , British [30] , Danish [31] , Australian [32] and Canadian fishermen [33] . Fishermen are at greater risk of drowning, particularly through disasters involving their much smaller fishing vessels in hazardous conditions. It is clear from this and other similar studies [5, 15, 34, 35] that particular types of occupational accidents repeatedly occur among seafarers and are often due to hazardous working practices. One of the most common involves seamen being fatally struck by mooring ropes which part or break during berthing operations. Personal protection devices are usually ineffective in preventing fatal injuries caused by severe whiplash effects. Prevention should be aimed at reducing the risk of seafarers standing in unnecessarily close proximity to ropes under stress and also to the improved construction and replacement of ageing rope-handling gear.
Seamen are also frequently injured or washed overboard by waves sweeping across decks, usually when engaged in duties such as securing leaking hatch covers and doors or operating discharge hoses. Prevention should be directed towards minimizing the risk, in advance, of deploying crew on deck amid hazardous sea state conditions by ensuring that the ships are water-tight on departure from port. Also, the risk of traffic accidents involving trucks fatally striking crew members on the vehicle decks of ships should be effectively reduced by the separation of those crew involved in traffic-related operations from those engaged in other duties.
A more widespread use of safety harnesses, life jackets or buoyancy vests in hazardous circumstances would prevent many fatalities arising through falls on board and would also improve survival prospects after falls overboard. This study indicates that a greater degree of safety awareness and changes in attitudes towards hazardous working practices, among both seafarers and shipping management, would be beneficial. This would be necessary for the widespread implementation of safety measures, as consistent with the economic circumstances of the shipping industry, and for an effective reduction in hazardous working practices.
